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coli）と Gammaproteobacteria 綱 Pseudomonadales
目に属する緑膿菌（Pseudomonas aeruginosa），およ
びグラム陽性細菌の Bacilli綱Bacillales 目に属する枯





























Alanine racemase と Ｄ-alanine-Ｄ-alanine ligase の酵
素活性阻害剤であるＤ-サイクロセリン（Ｄ-cycloserine）
は Sigma 社（USA）より入手した。
大腸菌（Escherichia coli IAM 12119），緑膿菌
（Pseudomonas aeruginosa IAM 1514），枯草菌
（Bacillus subtilis IAM 12118），腸球菌（Enterococcus
faecalis JCM 5803）は，各々基準株（Type strain）
を東京大学分子細胞生物学研究所 IAM Culture
Collection または理化学研究所 Japan Collection of
Microorganisms（JCM）より分譲を受けた。アミノ
配糖体系抗生物質に耐性の E . coli GN 4351と P.
aeruginosa GN231は群馬大学医学部薬剤耐性菌実験
施設より提供された。Nutrient Broth（NB）（日水製
薬 ）， Trypticase Soy Broth（ TSB）（ Becton






























































































培地の NB と GAM 中のポリアミン分析値と４菌種の
典型的な菌体内ポリアミン含量（濃度）を，μmol/g
wet weight（湿重量）としてTable 1に示した。天然























培地（SM）と合成培地199，天然培地の NB と GAM
を用いて，３菌種の増殖とポリアミン構成を確認した

















Fig．4-2の A-control や Fig．5-2の A1-control 参照）。
Table 1 Cellular concentration of polyamines of Escherichia coli , Pseudomonas aeruginosa , Bacillus subtilis and
Enterococcus faecalis, and polyamine content of Nutrient Broth and liquid GAM medium used for their
culture.  Typical data from Fig. 1-1 (E. faecalis grown in GAM), Fig. 3-2 (P. aeruginosa grown in NB) and
Fig. 5-2 (E. coli grown in NB, B. subtilis grown in NB, E. faecalis grown in NB) are shown.  Bacteria
growing at 37℃ were harvested at late-exponentially growing phase.  T, Type strain.  Abbreviations for









1-1B）（NB 培地培養菌体での HPLC 分析は Fig．4-2





の C-control や Fig．5-2の C-control 参照）。
SM+Ｌ-Ala 培地または SM+Ｄ-Ala 培地における
D-CS による増殖阻害曲線をFig．1-2のA，B，Cとし
Fig. 1-1.  HPLC analysis of polyamines extracted from Escherichia coli IAM 12119 (A), Bacillus
subtilis IAM 12118 (B) and Enterococcus faecalis JCM 5803 (C) grown in the complete
synthetic medium supplemented with Ｄ-alanine (SM+Ｄ-Ala), synthetic 199 medium
(199) and GAM medium (GAM) in the absence (control) or presence of Vancomycin (VCM)
at the concentration (IC50), shown as arrow in Fig. 1-2.  Bacteria growing at 37℃ were
harvested at late-exponentially growing phase.  Abbreviations for polyamines: Dap,
diaminopropane; Put, putrescine; Cad, cadaverine; Spd, spermidine; APCad,
aminopropylcadaverine ; Spm, spermine; Agm, agmatine; AcSpd, N1-acetylspermidine.
Printed numbers on elution peaks are corresponded to the elution time in scale of
abscissa (min). Relative fluorescence and elution times are omitted in other HPLC






Alanine racemase と D-Alanine-D-alanine ligase の酵
素活性阻害剤であることを裏付けるデータである。



























Fig. 1-2.  Growth inhibition curves of Escherichia coli IAM
12119, Bacillus subtilis IAM 12118 and Enterococcus
faecalis JCM 5803 in the complete synthetic medium
containing Ｌ-Ala (SM+Ｌ-Ala) (○) or Ｄ-Ala (SM+Ｄ-
Ala) (△) (in Figs. A-C), synthetic 199 medium (in Fig. D)
(○) or GAM medium (in Fig. E) (○)by Ｄ-Cycloserine (Ｄ-
CS) or Vancomycin (VCM).  The growth of Escherichia
coli was not inhibited by VCM at the concentration of 80
μg/ml . Arrow indicates the fifty percent growth-











計算上求めた IC50は，大腸菌で PCG は18μg/ml，
PIPC は0.5μg/ml，FMOX は0.09μg/ml。枯草菌で，
PCG は8μg/ml，PIPC は12μg/ml，FMOX は0.08μ
g/ml。腸球菌で，PCG は0.7μg/ml，PIPC は0.4μ
g/ml，FMOX は36μg/ml。本実験条件下においては，













































Fig. 2-1.  Growth inhibition curves of Escherichia coli IAM
12119 (A), Bacillus subtilis IAM 12118 (B) and
Enterococcus faecalis JCM 5803 (C) in Nutrient
Broth by Benzylpenicillin (Penicillin G)(PCG),
Piperacillin (PIPC) or Flomoxef (FMOX).  Arrows























































Fig. 2-2.  Cellular polyamine content (pmol /absorbance at
600 nm for growth turbidity) of Escherichia coli
IAM 12119 (A), Bacillus subtilis IAM 12118 (B) and
Enterococcus faecalis JCM 5803 (C) grown in
Nutrient Broth in the presence of Benzylpenicillin
(Penicillin G) (PCG), Piperacillin (PIPC) or Flomoxef
(FMOX) at the concentrations  shown as arrows in



















































Fig. 3-1.  Growth inhibition curves of Escherichia coli
IAM 12119 (sensitive Type strain) and E. coli
GN3451(SM-resistant strain) grown in
Nutrient Broth by Streptomycin (SM) (A), and
Pseudomonas aeruginosa IAM 1514
(sensitive Type strain) and P. aeruginosa
GN231 (KM-resistant strain) grown in
Nutrient Broth by Kanamycin (KM) (B).
Arrows indicate about IC50 in this experiment.
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Fig. 3-2.  HPLC analysis of polyamines extracted from the cells of Escherichia coli IAM 12119 (sensitive
Type strain) (A) and E. coli GN3451 (SM-resistant strain) (B), and the culture supernatant (Sup)
grown in Nutrient Broth in the absence (control) or presence of Streptomycin (SM) at the
concentration of IC50, and the cells of Pseudomonas aeruginosa IAM 1514 (sensitive Type
strain) (C) and P. aeruginosa GN231 (KM-resistant strain) (D), and the culture supernatant
(Sup), grown in Nutrient Broth in the absence (control) or presence of Kanamycin (KM) at the





















Fig. 3-3.  Comparisons of polyamine distributions in
the cells of Escherichia coli IAM 12119
(sensitive Type strain) (A), E. coli GN3451
(SM-resistant strain) (B), Pseudomonas
aeruginosa IAM 1514 (sensitive Type strain)
(C) and P. aeruginosa GN231 (KM-resistant
strain) (D).   The bacteria were grown in
Nutrient Broth in the absence (control) or
presence of Streptomycin (SM) or Kanamycin
(KM) at the concentration of IC50.  Polyamine
contents (μmol/wet weight of cells) were
shown as a percent (%) against to the total of
cellular polyamines (μmol/wet weight of
cells).  Abbreviations for polyamines are as
shown in Fig. 1-1.
Fig. 4-1.  Growth inhibition curves of Escherichia
coli IAM 12119 (A), Bacillus subtilis IAM
12118 (B) and Enterococcus faecalis JCM
5803 (C) in Nutrient Broth in the presence
of Erythromycin (EM), Chloramphenicol
(CP) or Tetracyclin (TC).  c, control (0μ
g/ml).  Arrows indicate the tubes near at
IC50.
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Fig. 4-2.  HPLC analysis of polyamines extracted from Escherichia coli IAM 12119 (A), Bacillus
subtilis IAM 12118 (B) and Enterococcus faecalis JCM 5803 (C) grown in Nutrient Broth in
the absence (control) or presence of Erythromycin (EM), Chloramphenicol (CP) or
Tetracycline (TC) at the concentrations shown as arrow in Fig. 4-1.  HPLC analysis of
polyamines extracted from Escherichia coli IAM 12119 grown in Nutrient Broth (NB)
containing 200μg/ml of spermidine (D) or the complete synthetic medium (SM+Ｌ-Ala)
containing 200μg/ml of spermidine (E), in the absence (control) or presence of
Erythromycin at the concentration (IC50) as shown in Fig. 4-3.  Abbreviations for polyamines
are as shown in Fig. 1-1. 
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Fig. 4-3.  Growth inhibition curves of Escherichia
coli IAM 12119 in Nutrient Broth (NB) or
the complete synthetic medium (SM+Ｌ-
Ala) (SM) by Erythromycin in the absence or
presence of spermidine (Spd) at the
concentration of 200μg/ml.  c, control (0μ
g/ml).  Arrows indicate the tube near at IC50.
Fig. 5-1.  Growth inhibition curves of Escherichia
coli IAM 12119, Bacillus subtilis IAM 12118
and Enterococcus faecalis JCM 5803 in
Nutrient Broth (NB) or the complete
synthetic medium (SM+L-Ala) by Ofloxacin
(OFLX).  c, control (0μg/ml).  The cells in
the tube of the arrow were subjected to
polyamine analysis.
Fig. 5-2.  HPLC analysis of polyamines extracted from Escherichia coli IAM 12119 (A) Bacillus subtilis IAM
12118 (B) and Enterococcus faecalis JCM 5803 (C) grown in Nutrient Broth (NB) (A-1, B, C) or the
complete synthetic medium (SM+Ｌ-Ala) (A-2)  in the absence (control) or presence of Ofloxacin (OFLX)





























































































Fig. 6-1.  HPLC analysis of polyamines extracted from the cells of Escherichia coli IAM
12119 grown in Tripticase Soy Broth (TSB), Brain Heart Infusion Broth (BHIB),
RPMI1640 medium (1640) and Fisher’s medium (FM) (A), and the culture
supernatant (Sup) after the cultivation in the media (B).  Polyamines extracted
from the cells of Pseudomonas aeruginosa IAM 1514 grown in 199 medium or
1640 medium(C).   Polyamines extracted from the cells of Bacillus subtilis IAM
12118 grown in 1640 medium and its Sup (D).   Polyamines extracted from the
cells of Enterococcus faecalis JCM 5803 grown in 199 medium, 1640 medium, the
199 medium supplemented with 1 mM spermidine (Spd) or the 1640 medium
supplemented with 1 mM spermidine (Spd) (E).  Abbreviations for polyamines are
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Inhibition of Growth and Cellular Polyamine Synthesis of 
Escherichia coli, Pseudomonas aeruginosa, Bacillus subtilis and
Enterococcus faecalis by Antibiotics
Koei HAMANA1) * ,  Yoko YOKOYAMA1),  Satomi TACHIYANAGI1),
Rie TERAUCHI1),  Tomomi AIZAKI1),  Eri ARAI 1),  Aya SAITO 1),
Kaoru UCHIKATA1),  Hajime OHNISHI 1),  Wakako SATO1),
Kanako GOUMA1),  Jia Yu1),  Yurie INO1),  Yukiko UMEMURA1),
Chiharu MOCHIDUKI1) and Ryuichi HOSOYA1)
Abstract：Cellular polyamines extracted from the bacteria Escherichia coli, Pseudomonas
aeruginosa, Bacillus subtilis and Enterococcus faecalis grown in the absence or presence of
antibiotics belonging to seven chemical families, at fifty percent growth- inhibitory
concentration (IC50 ), were analyzed by high performance liquid chromatography (HPLC).  E.
coli synthesize putrescine (Put), cadaverine(Cad), agmatine(Agm), spermidine(Spd) and
acetylspermidine(AcSpd), P. aeruginosa Put, Cad and Spd, and B. subtilis Put, Spd and Agm.
E. faecalis produce no polyamines and uptake Spd from media.  Cellular levels of the
polyamines were compared between control bacteria and the inhibited bacteria by antibiotics.
All polyamine levels in E. coli, and Spd and/or Agm levels in B. subtilis and E. faecalis were
not sensitive for the presence of Vancomycin (glycopeptide).  By Benzylpenicillin, Piperacillin
and Flomoxef (β-luctam), Put, Cad, AcSpd were decreased and Spd was increased in E. coli ,
and Spd in B. subtilis and E. faecalis was decreased.  Streptomycin, Kanamycin and Amikacin
(aminoglycoside) repressed acetylation of Spd in E. coli and Cad synthesis in P. aeruginosa,
including sensitive and resistant strains for the drugs.  AcSpd level in E. coli and Spd level in
B. subtilis and E. faecalis were decreased in the presence of Erythromycin (macrolide),
Tetracycline (tetracycline) and Chloramphenicol (phenylalanine derivative).  AcSpd, Put and
Cad in E.coli and Spd in B. subtilis were decreased whereas Spd was not effective to Ofloxacin
and Norfloxacin (pyridone carboxylic acid).  AcSpd synthesis in E. coli was inhibited whereas
Spd uptake in E. faecalis was not, by the antibiotics.  
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